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ABSTRACT 
I'he c e n t r a l  C a l i f o r n i a  Dungeness c rab  resource  had another  season  
(1977-78) of low h a r v e s t a b l e  y i e l d ,  019,582 13; whi le  t h a t  o f f  no r the rn  
C a l i f o r n i a  y i e lded  a h ighe r  than  average seasona l  h a r v e s t  i n  excess  of 1 3  
mi l l io r i  l b .  
Crab egg ha tch ing  peaked i n  l a t e  December 1977. A tongue of f r e s h -  
water  run-off from San Francisco Bay aided t h e  o f f s h o r e  movement of zoeae. 
No s t a g e  I V  o r  zoeae were taken i n  plarnkton tows, and only  t h r e e  mega- 
l opae  were c o l l e c t e d  i n  t h e  G u l f  cf t h e  Fara l lones .  The heavy w i c t e r  
r a i n f a l l  reduced s a l i n i t i e s  of t h e  Bay-estuarine complex, and no j u v e n i l e  
c r a b s  were taken east of t h e  Carquinez Bridge. By May most of t h e  1977 
y e a r  c l a s s  c r abs  had migrated i n t o  t h e  Gulf. The f i r s t  p o s t - l a m a 1  c r a b s  
of t h e  1978 yea r  c l a s s  appeared i n  May, 1 ronth l a t e r  t han  i n  1977. Both 
t r a w l  and f i s h  stomach sanp le s  revea led  t h e  1978 year  c l a s s  t o  b e  weak 
as was t h a t  of 1976. 
A comparison of ocea.1 temperatures  w i th  c r ab  l and ings ,  considered 
wi th  evidence of l a b o r a t o r y  experiments w i t h  c r abs  i n  v a r i o u s  water  tem- 
pe ra tu re s ,  sugges t s  t h a t  t h e  ex tens ive  per iod  (1957-72) of warmer water  
could  b e  an explana t ion  f o r  t h e  c rab  decl.ine. Crabs h e l d  i n  t h e  labora-  
t o r y  spawned, molted and spawned aga in ,  producing f e r t i l i z e d  eggs wi thout  
having mated a f t e r  molt ing.  
Bioassays of c r abs  exposed t o  cadmium and s i l v e r  show t h a t  t h e  con- 
c e n t r a t i o n  l e t h a l  t o  50% of t h e  c r a b s  w.ithin 96 h r  w a s  6.8 mg/l f o r  cad- 
m i u m  arid 0.19 mg/l f o r  s i l v e r .  Levels  of cadmium i n  hepatopancreas tis- 
sue  of c r abs  used i n  a c u t e  b ioassay  r e v e a l  i n  excess  of 20 t imes  t h e  con- 
c e n t r a t i o n  of cadmium i n  t h e  seawater  w i t h i n  24 hr .  
Larvae cu l tu red  i n  t h e  l a b o r a t o r y  a t  ambient seawater  temperature , 
(9 t o  14  C )  took approximately 60 days t o  develop from f i r s t  s t a g e  zoeae 
t o  t h e  megalopal s t a g e ,  whi le  l a r v a e  a t  17  C took 3 1  days. 
11 Marine ~ e s o u r c e s  Adminis t ra t ive  Report 78-16, December 1978. 
- 
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The S t a t e  Legislature i n  1974 by Senate B i l l  1606 d i rec ted  the  
Department of Fish and Game t o  conduct an invest igat ion i n t o  t he  causes 
of the  long-term decline i n  the  harvest  by the cen t ra l  Cal i fornia  
Dungeness crab f ishery . 
This report  i s  the  f i f t h  i n  the s e r i e s  of Narine Administrative 
Reports which presents ' the  Department 's Dungeness Crab Research Program 
. , 
and progress of i ts  investigations.  Marine Resources Administrative 
Report.75-8 (Orcutt e t  a l .  1975a) was the research proposal f o r  t he  pro- 
gram. It presented the  centra l  c a l i fo rn i a  crab problem, object ives  of 
the new program, research design, work plans f o r  t h e  study, and an out- 
l i n e  of preliminary research a c t i v i t i e s .  
The program progress report  of 1975 was Marine Resources Adminis- 
t r a t i v e  Report 75-12 (Orcutt e t  a l .  1975b). That repor t  reviewed the  
organization of t he  program's Research Tern., the  object ives  of t h e  pro- 
gram and i t s  pro jec t s ,  and the  methods and r e s u l t s  of research of the  
program and cooperative a c t i v i t i e s  of other  organizations. Marine 
Resources Administrative Reports 76-15 (Orcutt e t  a l .  1976) m d  77-21 
(Orcutt 1977) discussed changes i n  operations which had been developed 
and r e su l t s  of our work in 1976 and 1977. !Chis yea r ' s  progress report  
i s  s imilar  i n  format t o  t he  1977 repor t  submitted t o  t he  Legislature.  
The l a s t  progress report  w i l l  be f o r  t he  year 1979. The f i n a l  repor t  
t o  the  Governor and Legislature i n  July 1980 w i l l  include the findings 
of the several  years'  work of the research program together w i t h  recom- 
mendations f o r  some actions t o  p ro tec t  t he  resource and increase  t he  
abundance of  crabs in S ta t e  waters. 
H. G. Orcutt 
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INTRoDUCTIoiJ 
by 1/ ' Harold G. Orcutt- 
.The Problem 
In the 1977-78 season, the harvest of Dungeness crabs o f f  cen t r a l  
Cal i fornia  remained low (579, 402 l b ) ,  while t h a t  o f f  northern Cali- 
fornia  was i n  excess of 13  mill ion l b  (Figure 1, Tabla 1 1 .  The high 
landings statewide in 1975-76., the  record 1976-77 harvest  of 26 m i l -  
l ion  lb, and the  above average y ie ld  of crabs of f  northern Cal i forn ia  
in 1977-78 overshadowed the  small landings of f  cen t ra l  California.  
The Objective 
The object ive  of the  Dungeness Crab Research Program is  to deter-  
mine fac tors  causing the  decline and continued low leve ls  of t he  cen t ra l  
California Dungeness crab resource and t o  mzke manazenent recon~enda-  
t ions  t o  protect  and increase the  resource. 
Program Development 
Senate B i l l  1606 of 1974 directed the  Department o f  Fish and Game 
t o  conduct an invest igat ion in to  t he  fac tors  responsible f o r  the  decline 
of the  Dungeness crab i n  cen t ra l  California.  The law a l s o  provided that 
a spec ia l  p r iv i lege  tax of $0.0185 pe r  lb  of crab taken be used only f o r  
crab research and management. The funding f o r  the  research program 
included, f o r  the  f i r s t  year only, an appropriation of $10,000 from the  
General Fund and $50,000 from the .F ish  and Game Preservation Fund. The 
pr iv i lege  t a x  was terminated e f f ec t i ve  October 1, 1977, by provisions 
of  Assembly B i l l  858. 
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TABLE I. Du3geness Crab Landings by Season (Pounds! 
Season 
Eureka, Bodcga Bay and 
Crescent City, San Fraacisco Monterey Bay 
- 
and Ft. Bragg Area Area 
Avila and 
Elorro Bay Total. 
TABLE 1. (continued) . 
Eureka, Sodega Bay and 
Crescent City, San Francisco Monterey Bay Avila and 
Season and Ft. Bragg Area Area Morro Bay Total 
Although the research s t a f f  of the  Dungeness Crab Research program' 
was established with one b io log is t  l e s s  than or ig ina l ly  planned, the 
objective of the program wilL be met based on l e s s  qua l i t a t i ve  and quan- 
t i t a t i v e  de t a i l .  Because of having t o  keep two s t a f f  and several  
temporary help posit ions vacant i n  the  current f i s c a l  year,  f i e l d  and 
laboratory s t u b s  were reduced o r  delayed and the  f i n a l  repor t  has 
been rescheduled from September 1979 t o  July 1980. 
Substantial  ass is tance has come t o  the  Dungeness Crab Research Pro- 
gram from several  o ther  Fish and Game uni ts .  Opexations Research Branch 
through s t a f f  and f i e l d  operations has been a major source of support. 
' Biometries sections have given ass is tance on data storage and analyses 
and the  Marine Culture Laboratory has devoted much time and use of fa- 
c i l i t i e s  f o r  crab studies.  Marine Resources Region b io log i s t s  have 
a s s i s t ed  i n  f i e l d  work and provision of  equipment, MIIR vessel  opeua- 
t ions  have supported our research cruises ;  the  Marine Bioassay Labora- 
t o ry  f a c i l i t i e s  have been made avai lable  f o r  studies;  and t h e  Technical 
Xnforma.tion Center provided l i b r a ry  assistance.  The Bay-Delta Fishery 
Project  and Anadromous Fisher ies  Branch has provided research vessel  
and crew f o r  w . y  c ru i ses  in the  San Francisco Bay area.  
CRAB CRITICAL STAGE PROJECT STUDIES 
by I/ Robert N. Tasto and Paul N. Reilly- 
The p r o j e c t  concentrate& on s a t i s f y i n g  two major o b j e c t i v e s  i n  
1978. They were a s  follows: 
1. Determination o f  t h e  d i s t r i b u t i o n  and r e l a t i v e  abundance of  
* 
Dungeness crab  zoeae, megalopae, and juveniles .  
2. Determination o f  p reaa to r s  and t h e i r  e f f e c t s  on crab  
population numbers. 
Considerable e f f o r t  a l s o  was expended on the i n v e s t i g a t i o n  o f  s u b j e c t s  
c lose ly  r e l a t e d  t o  our  prime ob jec t ives ,  i.e. d i s t r i b u t i o n  and abundance 
of a s soc ia ted  zooplankters , i n t e rmol t  s t ag ing  o f  Dungeness c rab  mega- 
lopae, and growth r a t e s  o f  juveni le  crabs.  Manuscripts a r e  i n  prepa- 
r a t i o n  on these subjec ts .  
~ i s t r i b u t i o n  and Rela t ive  Abundance 
W e  have described our  methodology and gear  i n  previous annual re-  
p o r t s  (Orcutt e t  a l .  1975a, 1975b, 1976) b u t  w i l l  descr ibe  such items 
again when changes o r  circumstances warrant it. 
2/ Five  major research  cruises-  were conducted i n  the p r i n c i p a l  study 
a r e a  t o  i n v e s t i g a t e  the  Dungeness c rab  1978 year  c l a s s ;  these  were sup- ' 1  
plemented by four  single-day c r u i s e s  aboard p a t r o l  vesse ls .  Ringnett ing I 
opera t ions  were conducted monthly from 16-17 shore-based s t a t i o n s .  
Larvae 
Four hundred seventy-seven plankton samples were c o l l e c t e d  between 1 
1/ Operations Research Branch, 411 Burgess Drive, Menlo Park, CA 94025 
- 
2 /  - 78-A-1 Jan. 6-12; 78-A-4 Mar. 9-20; 78-KB-3 Apr. 10-28; 78-KB-5 May 
21-June. 6; 78-KB-11 Sept. 14-Oct. 1. 
December 12, 1977, and Ju r~e  2 ,  1978, i n  the  Gulf o f  t h e  Fa ra l lones  (448) 
and San Francisco Bay (29). These samples yielried 4,226 s t a g e  I zoeae, 
35 s t age  I1 zoeae, 4 s t age  111 zoeae, 0 s t age  I V  zoeae, 0 s t a g e  V zoeae, 
and 6 megalopae. Larvae were c o l l e c t e d  a t  Guif s t a t i o n s  only. W e  do 
n o t  know the  ex ten t  t o  which these  r e s u l t s  r e f l e c t  n a t u r a i  mor ta l i ty ;  
however, w e  cdntinue t o  suspect  t h a t  o f f shore  d r i f t  o f  l a r v a e  i s  a ma- 
j o r  f a c t o r  i n  t h e  absence o f  . l a t e  sta-ge zoeae from t h e  study a rea .  
Peak egg hatching probably occurred during t h e  l a s t  week o f  Decem- 
be r  1977. A f e w  s t age  I zoeae were c o l l e c t e d  December 12 when w a t e r .  
temperatures between t h e  surface  and 25 m ranged from 11.0 t o  11.7 C. 
By January 6, 1978, l a r g e  numbers o f  s t age  I zoeae, a t  d e n s i t i e s  as 
3 high as 544/100 m water  f i l t e r e d ,  were d i s t r i b u t e d  throughout t h e  
c e n t r a l  ~ k l f ,  and water temperatures ranged from 13.4 t o  13.9 C. Diur- 
n a l  v e r t i c a l  inigration of zoeae was apparent .  . A t  day l igh t  s t a t i o n s  
maximum d e n s i t i e s  occurred i n  t h e  15  and 25 m d i s c r e t e  depth sanples ;  
a t  n igh t  most s t a t i o n s  recorded maxinlum d e n s i t i e s  a t  t h e  surface .  
Stage I1 zceae w e r e  most prevalent  during o u r  January 31 t r a n s e c t  t o  
Southeast Fara l lon  Is land,  and a few s tage  I11 zoeae were c o l l e c t e d  
February 28 along t h e  s a m e  t r m s e c t .  
Above average r a i n f a l l  i n  nor thern  Ca l i fo rn ia  during the 1977-78 
season r e s u l t e d  i n  considerable freshwater  runoff  i n t o  t h e  San Francisco 
Bay es tua r ine  complex, thus  inf luencing t h e  d i s t r i b u t i o n  o f  t h e  s a l i n i t y  
g rad ien t  i n  Gulf waters.  The g r e a t e r  advancement o f  t h e  freshwater  
tongue i n t o  t h e  Gulf apparently a ided t h e  o f f shore  movement o f  zoeae. 
All s t a g e  I1 zoeae found i n  t h e  Gulf w e r e  a s soc ia ted  wi th  su r face  waters  
g rea te r  than 32 O/oo s a l i n i t y ,  although about 50% of t h e  su r face  waters  
surveyed i n  the  Gulf had s a l i n i t i e s  wi th in  the  range of 23.2 t o  31.7 O/oo. 
-8- 
It i s  unl ike ly  t h a t  t h e  absence of  s t age  I1 zoeae wi th in  t h e  freshwate; 
plume would be due t o  an in to le rance  of &ese lowered s a l i n i t i e s ,  f o r  
C. magister zoeae have been silown (Reed 1969; Poole 1366) t o  t h r i v e  a t  
s a l i n i t i e s  of  25 t o  30 O / o o .  
Findings from s i x  plankton samples c o l l e c t e d  o f f  Eureka on March 
21 a r e  i n  d raha t i c  c o n t r a s t  t o  those  from our  p r i n c i p a l  s tudy a rea .  
3 Stage V zoeae were found a t  d e n s i t i e s  a s  high a s  14/100 m and wi th in  
1 6  km of shore. Stage I, 11, and I V  zoeae, and megalopae a l s o  occurred,  
b u t  a t  low d e n s i t i e s .  Curing our  extens ive  March c r u i s e  i n  t h e  Gulf, 
no l a t e  s t age  zoeae were found i n  t h e  148 samples co l l ec ted .  
~ u r i n g  the  March and Apr i l  c r u i s e s  we conducted 27 bottom tows 
wi th  a plankton n e t  a t tached co  a s l ed .  This technique t e s t e d  t h e  con- 
cep t  t h a t  t h e  s c a r c i t y  o f  l a t e  s t age  zoeae i n  our  samples was due t o  an 
assoc ia t ion  of  the  zoeae wi th  t h e  oceazz bottorfl, which previous  plankton 
tows had not sampled extens ively .  The absence of  l a t e  s t age  zoeae i n  
t h e  samples does not  support  t h a t  premise. We expect  t o  employ t h i s  
technique i n  t h e  sp r ing  o f  1979 on c r u i s e s  designed s p e c i f i c a l l y  t o  
capture  l a t e  s t age  zoeae. 
The occurrence of only t h r e e  megalopae i n  each set o f  samples from 
the Apri l  and May c r u i s e s  was o w  f i r s t  i n d i c a t i o n  o f  a weak 1978 y e a r  
class. Average dens i ty  of  megalopae fo; 1976, 1977, and 1978 was 0.2, 
3 2.2, and 0.04/100 m , respect ive ly .  Cold, upwelled s u r f a c e  water  (8.5 
to 10.0 C) was prominent i n  ~ p r i l  1977 when megalopae were abundant. 
During o u r  1978 ~ p r i l  c r u i s e  su r face  w a t e r  temperatures ranged from 
12.5 t o  15  C. upwelling f i r s t  became apparent  i n  o u r  May sampling. 
W e  f e e l  t h a t  t h e  t iming o f  t h e  onse t  o f  the upwelling per iod  i s  somehow 
r e l a t e d  t o  t h e  d i s t r i b u t i o n  and abundance o f  .megalopae i n  t h e  s tudy  
area. 
In  1978 we completed a n a l y s i s  o f  208 plankton samples c o l l e c t e d  
on C a l i f o r n i a  Cooperat ive Oceanic F i s h e r i e s  I n v e s t i g a t i o n s  (CalcOFI) 
c r u i s e s  conducted from 1949 through 1972. The samples were taken along 
t r a n s e c t s  perpendicular  t o  t h e  c o a s t l i n e  o f f  t h e  San ~ r a n c i s c o  a r e a  
(CalCOFI no ' s .  60 and 6 3 )  and t h e  Eureka-Crescent C i t y  a r e a  (no ' s .  40 
and  43)  and ou t  t o  a  maximum o f  200 n a u t i c a l  mi l e s  o f f s h o r e .  Sample 
a n a l y s i s  r e s u l t e d  i n  the i d e n t i f i c a t i o n  and enurneration o f  34 occur-  
rences  o f  C. magister l a rvae .  The s t a g e  and dens i ty  f o r  each occur- 
rence w a s  determined. A p l o t ' o f  t h e s e  occurrences and a comparison o f  
t h e i r  d i s t r i b u t i o n  wi th  t h e  d i s t r i b u t i o n a l  p a t t e r n  of  l a r v a e  from o u r  
own c r u i s e s  (Orcut t  e t  a l .  1975, 1976; Tasto 1977) suppor t  our conten- 
t i o n  t h a t  c e n t r a l  C a l i f o r n i a  c r a b  l a r v a e  d r i f t  o f f s h o r e  througlhout t h e  
win ter .  Fu r the r  a n a l y s i s  o f  t h e s e  d a t a  and a n a l y s i s  o f  a d d i t i o n a l  
samples f r o m t h e  CalCOFI c o l l e c t i o n  w i l l  be  forthcoming. 
Juveni les  
The heavy r a i n f a l l  i n  December 1977 even tua l ly  reduced s a l i n i t i e s  
throughout t h e  San ~ r a n c i s c o  Bay e s t u a r i n e  complex. In  January 1978 
o u r  monthly r i n g n e t t i n g  survey produced no 1977 y e a r  c l a s s  crabs e a s t  
o f  the Carquinez Bridge where s a l i n i t i e s  had droppcd t o  5 O / o o .  These 
r e s u l t s  a r e  i n  sha rp  c o n t r a s t  t o  December when c rab  d e n s i t i e s  i n  Suisun 
Bay reached as h igh  a s  10.8 c r a b s ' p e r  r i n g n e t  p u l l  and 12.5 c rabs  p e r  
minute of  t r awl ing  i n  waters r eco rd ing  21.5 O / o o .  Crabs cont inued  t o  
move seaward as s p r i n g  a r r i v e d  and no c r a b s  were found i n  San Pablo Bay 
i n  our  Elarch survey. Ey May the  vasr; majoxity o f  1977 yea r  c l a s s  crabs  
had emigrated from the  bay i n t o  the  Gulf o f  the  Faral lones.  
The f i r s t  pos t - l a rva l  c rabs  o f  the  1978 yea r  c l a s s  appeared i n  tile 
)lay trawl co l l ec t ions .  Only 31 o f  these  crabs were captured,  a l l  a t  
bay s t a t i o n s ,  although 13 tows were conducted i n  the  Gulf. It was July  
before  the  f i r s t  1978 yea r  c l a s s  crab  appeared i n  our  nonthly shora- 
based survey. Both of  t h e s e ' i n i t i a l  occuxrences were approximately one 
m n t h  l a t e r  than corresponding ones i n  1977. Between J u l y  and October 
1978, only our c o l l e c t i n g  sites i n  c e n t r a l  and nor th  San Francisco Bay 
and San Pablo Bay yie lded crabs o f  t h e  year .  
We s t a t e d  previously t h a t  the  pauci ty  of  megalopae i n  o u r  plankton 
samples indica ted  a weak 1978 y e a r  c l a s s .  This supposi t ion was borne 
o u t  by both  r ingnet  and t rawl  da ta  on juveni le  crabs.  The J u l y  through 
October r ingnet  catch dropped near ly  85 percent  from 1977 and the  
catch-per-ufiit-of-effort (CPUE) on o u  September c r u i s e  was 0 .2  crabs 
per minute o f  t rawl ing compared t o  1.0 f o r  1977. In 1378, a s  i n  1976, 
which a l s o  had a weak c l a s s ,  t h e  CPUE's f o r  Bay and Gulf-caught crabs ,  
when compared t o  one another ,  were near ly  equal.  By c o n t r a s t ,  1975 and 
1977 were r e l a t i v e l y  s t rong year  c l a s s e s  and the CPUE f o r  Bay-caught 
c rabs  i n  both years  was four  times g r e a t e r  than t h a t  f o r  Gulf-caught 
crabs.  
Predation 
The occurrence of  C. magister i n  t h e  stomzich contents  of demersal 
f i s h e s  c o l l e c t e d  i n  1978 support  previously discussed d a t a  i n d i c a t i n g  
a weak 1978 yea r  c l a s s  (Table 2 ) .  Only 20 juveni le  crabs and two 
megalopae w e r e  found i n  460 stomachs sampled i n  A p r i l ,  May, June,  and  
September 1978. 
S i z e  f requenc ies  of c r abs  c o l l e c t e d  from f i s h  stomach samples i n d i -  
cate t h a t  t h e  new y e a r  c l a s s  se t  was approximately one month la ter  than  
1977 and most l i k e l y  occu r r ed  from middle t o  l a t e  May.   his suppor t s  
t r a w l  and r i n & e t  d a t a  p rev ious ly  discussed..  
T A B U  2. Occurrence o f  Y oung-of-the-Year C. mag i s t e r  i n  F i s h  S tornachs, 
1975-1978. 
GULF BAY 
-
1975 -1976 1977 1978 1975 1976 1977 1978 
-  - --- 
No. stomachs examined 333 356 506 1, 120 416 204 
No.  con t a in ing  C. mag i s t e r  8 4 ' 
% con ta in ing  C. rnzyis ter  2.4 1.1 14.0 3.9 9.7 4 .2  18.3 4.4 I 
N o .  megalopae i n  stomachs 17  6 1 0 0 
No. j u v e n i l e s  i n  stomachs 8 1' 1 ,233  6 266 9 
W e  ob t a ined  19 stomach samples from commercially-caught s i l v e r  
salmon, Qncorhynchus k i s u t c h ,  t h i s  y e a r ,  1 8  i n  June and one i n  ~ u g u s t .  
W o  stomachs, one from a f i s h  caught  60 k m  n o r t h  o f  the p r i n c i p a l  study 
a r e a ,  conta ined  two megalopae each.  I n  1977.we examined 12 s i l v e r  
salmon stomachs c o l l e c t e d  du r ing  May i n  t h e  Gulf o f  t h e  Fara l lo r ies  and 
found 1,061 megalopae. 
CRAB EIJVIROIQJIEIJT PROJECT STUDIES 
by 1/ 
Paul W. Wild, Charles W. Haugen and Robert I?. Horn- 
During 1978 the  Dungeness Crab Environment Projec t  continued inv2s- 
t i g a t i o n s  of na tu ra l  and man-caused changes i n  t h e  environment which 
could be r e l a t e d  t o  t h e  long-term low l e v e l  o f  t h e  San Francisco a r e a  
crab  population. Work continued on two major s u b u n i t s :  na tu ra l  
environmental f a c t o r s  and environmental toxicants .  
Natural Environmental Factors  
Work was d i r e c t e d  toward continuing analyses  of h i s t o r i c a l  ocean- 
ography versus crab landings and c rab  l i f e  n i s t o r y ;  labora tory  experi-  
ments on the  r e l a t i o n s h i p  between seawater temperature and female crab  
spawning, egg c?evelopment, and hatching a l s o  were conducted. 
Oceanoqraphy Versus Crab Landings and L i fe  H i ~ t o r y  - . 
Regression analyses  (Wild and Haugen 1977)  show a c o r r e l a t i o n  be- 
tween s e a  l e v e l  values during the  f a l l  and winter  and crab  landings 
3 years l a t e r .  Sea l e v e l  is an i n t e g r a t o r  of seve ra l  oceanographic 
parameters (e. g., temperature, s a l i n i t y ,  upwelling, e t c .  ) which could 
a f f e c t  crabs d i r e c t l y .  In our  l abora to ry  experiments on spawning versus 
seawater temperature (discussed i n  next  s e c t i o n )  most Dungeness crab  
sponges (egg masses with developing embryos.) d e t e r i o r a t e d  be fo re  hatch- 
ing a t  temperatures above approximately 1 3  C. In c e n t r a l  c a l i f o r n i a  
most female crab  spawning, egg brooding, and hatching occurs  from 
1/ Operations Research Branch, 2201 Garden Road, Monterey, CA 93940 
- 
October through e a r l y  January. Therefore, w e  examined h i s t o r i c a l  ocean 
temperatures during t h i s  per iod  and compared them t o  c rab  landings.  
Because the  long-tern decl ine  i n  commercial crab. landings began 
about 1960-61 (Figure 1 )  and crabs reach l e g a l  s i z e  i n  about  3 
years i n  c e n t r a l  Ca l i fo rn ia ,  any contr ibutory  causes a f f e c t i n g  eggs 
and l a rvae  would have had t o  occur about 3 years  e a r l i e r .  Analysis 
o f  sea surface temperatures i n  a one degree square o f f  San Francisco 
i n d i c a t e s  t h a t  ocean temperature was unusually high dur ing t h e  1957 
Octobef-December per iod  (October-December mean: 1956 - 12.7 C,  1957 - 
15.94 C )  and has averaged nigher s ince  1957 than f o r  a t  l e a s t  t h e  35 
previous years .  The average October-December sea  su r face  temperature 
from 1922 t o  1956 was 13.2 C and from 1957 t o  1972 it was 14.3 C .  
These d i f fe rences  have been shown t o  be s i g n i f i c a n t l y  d i f f e r e n t  using 
s t a t i s t i c a l  methods. S t a b i l i t y  of  these  two per iods  is  evidenced by 
t h e  f a c t  t h a t  from 1957-1972 t h e  October-December mean dropped below 
13.2 C only once and dur ing t h e  1922-56 per iod  rose  above 14.3 C only 
f i v e  times. Thus t h e  1957-72 water temperatures were d e f i n i t e l y  warmer 
than during 1922-56. 
The comparison of ocean temperatures wi th  c r a b  landings  t h r e e  years  
l a t e r ,  considered with t h e  evidence from labora tory  experiments, suggests  
a poss ib le  explanation f o r  t h e  crab  decl ine.  This hypothesis  r equ i res  
more study and ana lys i s  and we a r e  continuing with t h i s  work. 
Female Crab Spawning and Seawater Temperature 
Experiments on Dungeness crab  spawning and seawater temperature 
were continued a t  t h e  Marine Culture Laboratory during 1978. Object ives 
a r e  (1) t o  i n v e s t i g a t e  e f f e c t s  o f  ocean temperature on female c r a b  
spawning time and behavior, ( 2 )  t o  i n v e s t i g a t e  e f f e c t s  o f  ocean tempcr- 
a t u r e s  on length  of  time from spawning t o  hatching and condi t ion  of t h e  
sponge, ( 3 )  t o  observe f l u c t u a t i o ~ ~ s  i n  feeding r a t e s  due t o  seawater 
temperature, spawning, m l t i n g ,  e t c .  
An experiment begu? i n  1977 was completed during the  f i r s t  h a l f  o f  
1978 and an adh i t iona l  experiment t o  confirm t h e  e a r l i e r  r e s u l t s  began 
i n  Ju ly  1978. 
In these  experiments, a d u l t  female crabs  from both San Francisco 
and Eureka areas ,were  maintained i n  t h e e  seawater temperature regimes 
of  approximately 10 C ,  17 C,  and ambient. Ambient ranged from about 
11 C t o  15 C i n  the  laboratory '  during t h e  prespawning, spawning, and 
egg brooding periods. Three t imes pe r  week seawater temperatures and 
c rab  behavior were monitored and c rabs  were f ed  p ieces  o f  market squid,  
Lo Zigo opaZescens , and whole ocean shrimp, Panda Zus iordani . 
In t h e  1977-78 experiment a l l  15  c rabs  spawned and s e t  sponges 
between September 12 and October 28. Overal l ,  t h e r e  was a tendency f o r  
c rabs  i n  ambient and warm water t o  spawn before  crabs i n  c o l d  water.  
Also, i n  each regime, Eureka a r e a  c rabs  spawned before San Francisco 
a r e a  crabs. 
Sponges appeared t o  progress  toward hatching b e t t e r  i n  cold  water 
than i n  e i t h e r  ambient o r  warm. O f  four  c rabs  i n  ambient and four  i n  
w a r m  water, only one i n  each regime hatched s i g n i f i c a n t  numbers o f  
la rvae .  Sponges on t h e  o t h e r s  e i t h e r  d e t e r i o r a t e d  p r i o r  t o  hatching o r  
hatched so  few la rvae  t h a t  they went unnoticed. S ix  c rabs  i n  co ld  water  
a l l  hatched s i g n i f i c a n t  numbers o f  l a rvae  even though t h e  development 
t ime was much longer. A seventh c rab  d ied  wi.th a f u l l  sponge before 
the  larvae '  hatched. 
The length  of time from .spawning t o  hatching va r i ed  s i g n i f i c a n t l y  
a t  t h e  d i f f e r e n t  temperatures. In t h e  warm regime (about 1 7  C )  , hatch- 
i n g  was f i r s t  observed 65 days a f t e r  spawning. .In ambient seawater 
(11-15 C )  hatching was f i r s t  observed 83  days a f t e r  spawning. In t h e  
co ld  regime (about 10  C) onse t  of hatching took from 120 t o  128 days 
(average 124 days) a f t e r  spawning. 
Feeding r a t e s  f luc tua ted  considerably from crab  t o  c rab  b u t  were 
m s t l y  high p r i o r  t o  spawning, dropped s i g n i f i c a n t l y  a t  about  t h e  time 
o f  spawning, remained low during the  egg brooding per iod ,  an2 rose  
s i g n i f i c a n t l y  a f t e r  l a rvae  hatched. A few crabs  molted sometime a f t e r  
t h e i r  eggs hatched. Feeding r a t e s  dropped o f f  s i g n i f i c a n t l y  f o r  s e v e r a l  
days p r i o r  t o  molting and then rose  dramat ica l ly  a few days a f t e r  
molting. 
Four crabs  which had spawned and s e t  sponges i n  t h e  1977-78 experi-  
ment spawned and set sponges again between August 27 and September 27, 
1978. None o f  these  crabs had mated s ince  being c o l l e c t e d  i n  mid-1977 
al though two have molted s ince  hatching larvae .  Dungeness c r a b s  have 
been observed t o  s e t  sponges a second time i n  the  l abora to ry  without  
molting o r  mating b u t ,  t o  our  knowledge, t h i s  i s  t h e  f i r s t  t i m e  Dungeness 
crabs have been observed t o  spawn a f t e r  m l t i n g  b u t  no t  mating. Exami- 
na t ion  o f  t h e  eggs ind ica ted  t h a t  they were d iv id ing  normally.  his 
suggests  t h a t  sperm presen t  i n  t h e  female a t  t h e  time of molting a r e  
r e t a ined  during t h e  molting process. 
The 1978-79 experiment began i n  Ju ly  with 24 c rabs  (12 each from 
San Franc isco  and Eureka a r e a s ) ,  e i g h t  i n  each seawater  tempera ture  
regime. ~wen ty - th ree  remained a t  t h e  o n s e t  o f  spawning i n  September. 
A c r ab  from Eureka i n  warm water  was t h e  f i r s t  t o  spawn on September 1 2 .  
By t h e  end o f  October, 1 5  c rabs  had spawned i n c l u d i n g  f i v e  i n  warm, 
seven i n  ambient, and t h r e e  i n  co ld  water .  The t ime and o r d e r  o f  
spawning were h o t  a s  c l e a r l y  de f ined  a s  i n  1977-78, b u t  some t r e n d s  a r e  
ev iden t .  General ly ,  c rabs  i n  warm water  spawned f i r s t  fol lowed by those  
i n  ambient and co ld ,  a l though t h e  f i r s t  spawning i n  c o l d  water  occurred  
on t h e  same day (September 26) as t h e  f i r s t  two i n  am5ient water .  Af t e r  
t h e  f i r s t  t h r e e  o r  f o u r  c r abs  spawned i n  each regime, t h e  o r d e r  o f  
spawning became more mixed. In each regime, one o r  two Eureka a rea  c r abs  
spawned be fo re  San Francisco a r e a  c r abs ,  and t h i s  appears  t o  b e  a con- 
t i n u i n g  t r end  al though n o t  a s  c o n s i s t e n t  a s  i n  1477. 
A n  understanding of  e f f e c t s  of  water  temperature on p rog res s  o f  
sponges t o w a ~ d  ha tch ing  i s  necessary i n  e v a l u a t i n g  t h e  e f f e c t s  h i s t o r i -  
cal oceanographic cond i t i ons  may have had on t h e  c r a b  resource .  Prog- 
ress o f  t h e  sponges is be ing  monitored.more c l o s e l y  t h i s  y e a r  and volu- 
me t r i c  measurements a r e  be ing  made p e r i o d i c a l l y .  Within 1 month 
after spawning some sponges i n  warm water  were a l r e a d y  d e t e r i o r a t i n g .  
We p l a n  t o  cont inue  t h i s  experiment a t  l e a s t  u n t i l  h a t c h i n g  i s  
completed; t h i s  should occur  i n  e a r l y  1979. 
~ n v i r o n m e n t a l  Toxicants  
Toxic Trace Elements 
A comparison o f  l e v e l s  of  t o x i c  t r a c e  elements  i n  t i s s u e s  of c r a b s  
taken i n  1975 from t h e  San Franc isco  and Eureka a r e a s  showed e l e v a t e d  
l e v e l s  of  cadmium, s i l v e r ,  and selenium in . t h e  San Francisco crabs .  To 
b e t t e r  understand t h e  s ign i f i cance  of  these  higher l e v e l s  i n  maintaining 
t h e  depressed s t a t e  of  t h e  San Francisco c rab  populat ion,  we have been 
conducting a series of bioassays a t  the  Department's tIarine Bioassay 
Laboratory t o  determine t h e  e f f e c t s  on juveni le  crabs of  s h o r t  (acute)  
and long-term'(chronic) exposures t o  these  elements. 
Bioassays t o  a s s e s s  t h e  .acute t o x i c i t y  o f  cadmium and s i l v e r  t o  
juveni le  crabs  have been completed. In each of these  experiments, 20 
crabs  were exposed t o  each of  f i v e  concentrat ions of cadmium o r  s i l v e r  
i n  seawater and 20 crabs  i n  seawater served a s  con t ro l s .  Test  s o l u t i o n s  
w e r e  de l ivered  t o  the  c r a b s  continuously i n  a flow-through system. Re- 
s u l t s  o f  these  bioassays show t h a t  t h e  concentrat ion l e t h a l  t o  50 per- 
cen t  o f  t h e  c rabs  within 96 hours i s  6.8 mg/l for: cadmium and 0.19 mg/l 
f o r  s i l v e r .  
A hioassay t o  de ternine  tine e f f e c t s  of  chronic exposure (60 days)  
t o  s u b l e t h a l  concentrat ions of  cadmium i s  cur ren t ly  under way using t h e  
same m t h o d s  a s  i n  t h e  acute  bioassays.described above. 
Levels o f  cadmium i n  t h e  hepatopancreas t i s s u e s  of  c r a b s  used i n  
our  96-hr acu te  bioassay were determined. Resul ts  show that c rabs  a r e  
capable of concentrat ing l a r g e  q u a n t i t i e s  of cadmium i n  t h e  hepato- 
pancreas wi th in  a s h o r t  t i m e  ( in  excess o f  20 times t h e  concentra t ion  
in seawater within 24 h r s ) .  In  general ,  t i s s u e  concentra t ions  showed a 
d i r e c t  r e l a t ionsh ip  wi th  t h e  cadmium concentra t ion  of  seawater and with 
t ime o f  exposure. Most of  t h e  crabs  t h a t  d ied  during t h e  bioassay had 
hepatopancreas cadmium l e v e l s  in excess of  500 ppm (maximum 1363 ppm) 
while most of  t h e  survivors  had levels below 400 ppm. Cadmium l e v e l s  
i n  hepatopancreas t i s s u e s  of cont ro l  c rabs  averaged 4.1 ppm. 
The h ighes t  hepatopancreas cadmium l e v e l  we have found i n  na ture  
was 241 ppm from an a d u l t  female c rab  from the  Gulf of tile Fara l loncs  
taken i n  1975. 
Chlorine-Treated Sewage Eff luent  
An interagency agreement wi th  the  Universi ty o f  ~ a l i f o r n i a ,  Berke- 
l e y  (ucB) Sanitary Engineering Research Laboratory i n  Ri.chmond f o r  a 
study of e f f e c t s  of ch lo r ine - t r ea ted  sewage e f f l u e n t  on juveni le  Dunge- 
ness  c r&s  was approved on August 17, 1978. By the  end o f  October, 
researchers  a t  the  labora tory  had completed a system t o  d e l i v e r  con- 
t r o l l e d  dosages of chlor ine- t rea ted  sewage and San Pablo Bay water  t o  
crabs and bioassays were underway. W e  a r e  providing t h e  juveni le  crabs 
fro= a susply  we a r e  maintaining a t  the  Iviarire Cul ture  Laborstory a t  
Granite  Canyon. 
Petroleum FIydrocarbons 
An interagency agreement with t h e  UCB Naval Biosciences Laboratory 
i n  Oakland f o r  i d e n t i f y i n g  s p e c i f i c  hydrocarbon f r a c t i o n s  i n  crabs  and 
sediments i n  the  San Francisco Bay ar-ea and t o  provide hydrocarbon 
e x t r a c t s  f o r  our use i n  bioassays was approved on August 28 ,  1978. 
Juveni le  crabs  and sediment samples c o l l e c t e d  e a r l i e r  i n  t h e  yea r  
w e r e  i n  t h e  process o f  being analyzed a t  NBL by t h e  end o f  October. 
MARINE CULTURE LABORATORY CRAB STUDIES 
by 1/ . 
James L. Houk- 
Major emphasis a t  t h e  Marine Cul ture  Laboratory (MCL) continued on 
r a i s i n g  l a r v a l  and pos t - larval  crabs. Fungal i n f e c t i o n s  continued t o  
appear a t  any time' and f o r  no apparent  reason. ~ x ~ e r i m e n t s  were s e t  up 
t o  a s sess  t h e  e f f e c t  bf spine breakage on zoeae. Larval  s t u n t i n g  con- 
* 
t i nued  t o  occur, even i n  extreme low densi ty  cu l tu res .  Attempts t o  
c u l t u r e  zoeae i n  ponds connected t o  Elkhorn Slough were n o t  successful  
due t o  .fouling, impurity of  t h e  water,  and mechanical and physica l  prob- 
l e m s .  Various subs t ra t e s  , food sources,  and physica l  cond i t ions  were 
t e s t e d  f o r  megalopal su rv iva l  and growth r a t e  s t u d i e s .  Larval  s u r v i v a l  
r a t e s  from t h e  zoeal  t o  megalopal s t a g e  were s a t i s f a c t o r y  i n  non-fungal 
i n f e c t e d  cu l tu res ,  b u t  a  major mor ta l i ty  occurred during t h e  molt from 
megalopa t o  f i r s t  crab i n s t a r .  
Culture systems were maintained following procedures o u t l i n e d  i n  
t h e  1977 annual r epor t  (Ebert and Rei l ly  1977). Var ia t ions  i n  technique 
included growing l a rvae  i n  ambient temperature water ranging from 9 t o  
14 C: c u l t u r i n g  l a rvae  i n  d i r e c t  s u n l i g h t  with diatom cu l tu res ;  and 
using b r ine  shrimp whose c y s t s  had been t r e a t e d  by d i f f e r e n t  chemical 
methods t o  remove fungi  and b a c t e r i a .  
Twenty-f i v e  cu l tu res ,  each with 7.9 l i t e r s  o f  seawater  containing 
1000 zoeae were evaluated.  Seven c u l t u r e s  were terminated before 
reaching the  megalopal s t age  due t o  a  fungal  i n f e c t i o n  by Lagenidim 
sp. Larval su rv iva l  i n  the  remaining 18 c u l t u r e s ,  from t h e  zoeal  
1/ Operations Research Branch, Marine Culture Laboratory, Granite  
- 
Canyon, Monterey, CA 93940. 
t o  megalopal s t age ,  ranged from 1 t o  48 percent  and averaged 
18-4 percent .  
IJo a2parent d i f f e reaces  .in su rv iva l  w z r e  observed bettieen zoeae 
cu l tu red  a t  17 C and a t  ambient temperature. Eowever, t h e  growth r a t e  
from s t age  I zoea t o  megalopa d i d  d i f f e r ,  a s  expected. It took approxi- 
mately 31 days' a t  17 C and 60 days a t  ambient temperature. 
Zoeae grown i n  c u l t u r e  conta iners  i n  d i r e c t  s u n l i g h t  began t o  be 
covered with diatoms a t  s t age  111. However, mor ta l i ty  was very low a s  
the zoeae shed t h e  a t tached diatom growth a t  each molt. These l a rvae  
w e r e  s tunted  when compared t o  t n e i r  wi ld  populat ion counterpar t .  
Methods were t e s t e d  t o  pin-point  t n e  e n t r y  mode of t h e  fungus 
Lagenidiwn sp. i n t o  the cu l tu res .  Brine shrimp c y s t s  were hatched 
using t h e  following methods: (i) d i r e c t l y  from t h e  shipping conta iners ;  
(ii) i n  a solu t ion  conta in ing malachite  green and streptomycin; and 
(iii) t r e a t e d  w i t h  Chlorox (50 percent  s o l u t i o n )  t o  d i s so lve  t h e  c y s t  
coat ing ,  and then hatched. iJauplii  hatched from "untreated c y s t s  were 
contaminated heavi ly  with b a c t e r i a  a f t e r  hatching and were no t  used. 
Survival  r a t e s  f o r  both malachite green and Chlorox t r e a t e d  n a u p l i i  
hatchings were very good. The Cillorox treatment d id  n o t  lower t h e  via-  
b i l i t y  of e i t h e r  the b r i n e  shrimp n a u p l i i  o r  t h e  c rab  zoeae; i n  f a c t  
the q u a l i t y  o f  b r ine  shrimp n a u p l i i  was g r e a t l y  enhanced by t h e  (32lorox 
treatment.  Cysts have t h e i r  hard, undigestable cover d i s so lved  by t h e  
Chlorox. 
The furlgus Lagenidiwn sp. appeared once i n  zoeal  s t a g e  c u l t u r e s  
t h a t  w e r e  provided wi th  chlorox-treated b r ine  shrimp naup l i i .  ~ n i s  
el iminates  t h e  p o s s i b i l i t y  of fungal  e n t r y . i n t o  t h e  c u l t u r e  v ia  t h e  
b r i n e  shrimp c y s t  covering. 
Experiments t o  t e s t  whether a  r e l a t i o n s h i p  e x i s t s  between l a r v a l  
sp ine  breakage and su rv iva l  proved inconclusive. Two c u l t u r e s  were 
es t ab l i shed .  One had equal numbers of s t a g e  I V  and s t a g e  V zoeae with 
i n t a c t  and broken dorsa l  spines.  ?he o ther  c u l t u r e  contained an equal  
number of  uninjured zoeae (cont ro l  group) and zoeae whose dorsa l  s p i n e s  
were ca re fu l ly  excised. Both t h e  cont ro l  group and t h e  excised  spine 
group molted t o  t h e  megalopal s t age .  Iiowever, t h e  c o n t r o l  group began 
t o  break dorsa l  sp ines  a t  s t age  V, thus negating a co~r~par ison Setween 
t h e  two groups a t  t h e  megalopal s tage .  Several  broken-sgine zoeae 
regenerated dorsa l  sp ines  a t  t h e i r  next  m o l t .  
TWO 7 .9 - l i t e r  conta iners  a t  17  C and ankient 'were innoculated wi th  
100 s t age  I Zoeae (10 percent  o f  t h e  standard dens i ty)  t o  t e s t  f o r  a 
r e l a t i o n s h i p  between dens i ty  and s tun t ing .  l'he r e s u l t i n g  l a r v a e  were 
s tun ted  t o  t h e  same degree a s  c u l t u r e s  maintained a t  t h e  standard den- 
s i t y  of 1000 larvae .  The 17  C cu l tu re .  developed a Lagenidiwn sp.  in-  
f e c t i o n  a t  zoeal  s t a g e  V and consequenkly had only one zoea molt t o  
megalopa and proceed t o  a  crab  i n s t a r .  ?he ambient temperature c u l t u r e  
had 48 percent  of t h e  goea molt t o  megalopae, and 60 percent  of  t h e s e  
proceeded t o  crab  i n s t a r s .  
Habitats  were designed t o  t e s t  t h e  f e a s i b i l i t y  o f  c u l t i v a t i n g  crab 
l a r v a e  under f i e l d  condit ions.  Two PVC screened pipe s e c t i o n s ,  each 
holding 23.3 l i t e r s  were constructed;  one with 1 4 0 ~  n i t e x  screen and the  
o t h e r  with 4 0 5 ~  screen. The h a b i t a t s  were s e t  up i n  holding ponds con- 
nected t o  Elkhorn Slough. Fouling occurred a f t e r  about 1 week. 
Inspection of l a rvae  showed them t o  be  a l i v e  b u t  overgrown wi th  fou l ing  
organisms. The ponds were cons tant ly  a t  a nigher temperature than t h e  
slough, were highly productive,  and promoted rap id  fouling.  
ltJelve conta iners  were set up with s u b s t r a t e s  t o  test  megalopal 
su rv iva l  i n  communal cu l tu res .  Ast ro turf ,  sand of var ious  s i z e s ,  and 
n i t e x  screen n ere used f o r  subs t ra t e s .  Ast ro turf  provided p r o t e c t i o n  
f o r  megalopae but  a l s o  provided a good s u b s t r a t e  fo r  b a c t e r i a l  contami- 
na t ion  of  the  food supply. A l l  o f  t h e  c u l t u r e s  worked s a t i s f a c t o r i l y  
w i t h  some maintaining a 90 percent  megalopal survivorship  t o  t h e  f i r s . t  
c rab  i n s t a r .  However, mor ta l i ty  was almost 100 percent  during t h e  
mlt,  wherein n~egalopae f a i l e d  t o  e x i t  success fu l ly  from t h e i r  o l d  
s h e l l s .  The few megalopae reaching the  f i r s t  c rab  i n s t a r  d ied  upon 
molting t o  t h e  second i n s t a r ,  except those megalopae from t h e  low den- 
s i t y  c u l t u r e s  which had a 22 percent  success r a t e .  through t h e  four tn  
c rab  i n s t a r .  
The Dungeness Crab Research Team has been fo r tuna te  i n  rece iv ing 
a s s i s t a n c e  from many sources. Several  l a b o r a t o r i e s  whose s t a f f s  a s -  
s i s t e d  i n  1978 have been mentioned i n  the  report .  We g i v e ' c r e d i t  t o  
a l l  o f  them and i n  add i t ion  t o  s e v e r a l  o the r s .  
W e  extend c r e d i t  t o  a l l  c a l i f o r n i a  Department o f  Fish  and Game 
colleagues,  adminis t ra t ive  s t a f f ,  and research  v e s s e l  personnel who have 
a s s i s t e d .  We have benef i t ed  from very spec ia l i zed  work o f  temporary 
employees working a s  Research Ass i s t an t s ,  Graduate Student Ass i s t an t s ,  
F i s h  and Wildl i fe  Seasonal Aids, and volunteers  without pay. 
Members of  t h e  IJational Marine F i she r i e s  Service a t  La J o l l a ,  
Tiburon, and Monterey; researchers  a t  the  Universi ty of  Ca l i fo rn ia  lab-  
o r a t o r i e s  a t  La J o l l a ,  Bodega, ?3ichmond, Berkeley, and Oakland; and 
s t a f f  members of Y ~ s s  Landing Marine Laboratories  have been h e l p f u l  i n  
o f f e r i n g  use of  da ta ,  and giving candid comments. 
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